Purpose Diabetes mellitus (DM) is a heterogeneous group of metabolic disorders characterized by chronic hyperglycemia that results by relative or absolute insulin deficiency. Hearing disorders is common otological disorders in diabetic patients. This study aimed to investigate the frequency of hearing impairment among DM patients and its association with diabetes complications and blood sugar control. Methods This analytical cross-sectional study was conducted from 2016 to 2017 on 81 patients with type 2 diabetes mellitus (T2DM), aged 40-65 years who were referred to Yazd diabetic research center. Air conduction pure tone hearing thresholds were obtained for each ear at frequencies of 250, 500, 1000, 2000, 4000 and 8000 Hz. We defined hearing impairment as the pure-tone average ≥ 25 dB hearing level of pure-tone thresholds at low frequencies (500; 1000; and 2000 Hz) and high frequencies (4000 and 8000 Hz. The demographic data and diabetes complications frequency were gathered. All statistical analysis was done in SPSS 22. Results The mean (±SD) age of participants was 56.38 ± 5.68 years (range 40-65 years), 32(39.5%) were males and 49(60.5%) were females. The prevalence of hearing loss in high frequency in right ear was higher in male (p value = 0.047). The grade of diabetic retinopathy and nephropathy were significantly associated with hearing impairment in high frequency in both ears (p value<0.05). Finally, the results showed that even after adjustment of confounding variables using logistic regression analysis there were no relationship between hearing impairment and variables in both ears. Conclusion The hearing impairment was associated with diabetes complications as retinopathy and nephropathy. The association was significant in high frequency.
Introduction
Along with advances in diabetes mellitus (DM) and complications research, there is an increasing attention to hearing disorders in DM patients. Previous studies indicated the relationship between DM and hearing loss [1] . DM is a heterogeneous group of metabolic disorders characterized by chronic hyperglycemia that results by relative or absolute insulin deficiency [2] . The prevalence of DM all over the world is increasing rapidly [3] . It is estimated that the number of individuals with DM will increase to 592 million by 2035 [4] .
The vascular and neural changes in the cochlea are likely the cause of hearing changes in patients with DM, also thickening of capillary walls (especially in the stria vascularis) and loss of outer hair cells [5] .
The hearing loss in most of DM patients may not be due to noise exposure and high frequency sensori-neural hearing loss is predominant. [6] [7] [8] Some studies demonstrated that diabetes effects on hearing are more frequent among patients younger than 50 years old [9] [10] [11] . So endocrinologists need to control hearing in DM patients, in addition to other common diabetic complications. Although some recent studies showed hearing loss is related with diabetes [12] [13] [14] but some reports revealed no relation between DM and hearing impairment [15] . This study aimed to investigate the frequency of hearing impairment among DM patients and its association with diabetes complications and blood sugar control. It is important because type 2 diabetes mellitus(T2DM) is a public health problem, which significantly and negatively affect the quality of life when complicated with hearing loss [16] .
Methods

Study population and data collection
This analytical cross-sectional study was conducted from January 2016 to April 2017 on T2DM patients, referred to Yazd diabetic research center. A total of 81 from 139 studied patients were selected by consecutive central-based sampling. The inclusion criteria were: endocrinologist confirmed diagnosed T2DM and age between 40 and 65 years old. The exclusion criteria consist of: history of working in noisy environments, creatinine ≥1.6, use of ototoxic drugs (Aminoglycoside antibiotics, Steroids, Cisplatin), past history of ear diseases, head trauma, meningitis, allergy, occupational noise (occupational noise induced hearing loss causes sensorineural hearing loss (SNHL) in industrial workers who are continuously exposed to high frequency noise due to degeneration in hair cells and associated nerve fibers) and cardiovascular disease. A demographic checklist contains; noise exposure history, medical history, diabetes duration, treatment history, and complications.
Anthropometric measurements including weight and height measurements were obtained using standardized techniques. Height was measured in centimeters using a wallmounted measuring tape to the nearest centimeter. Subjects were requested to stand upright without shoes with their back against the wall, heels together and eyes directed forward. Weight was measured in kilograms using a digital scale that was kept on a firm horizontal surface. Subjects were asked to wear light clothing and weight was recorded to the nearest 0.5 kg. BMI was calculated as weight in kilograms divided by height in meters squared (Kg/m2). The guideline of the United States National Institute of Health (NIH) use the following BMI classification: BMI < 18.5 kg/m2, underweight; BMI 18.5 to 24.9 kg/m2, normal weight; BMI 25.0-29.9 kg/ m2, overweight; BMI 30-34.9 kg/m2, obesity class I; BMI 35-39.9 kg/m2, obesity class II; and BMI ≥ 40.0 kg/m2, obesity class III. All of laboratory examinations were done in Yazd diabetes research center laborator at first visit. HbA1c was determined by high performance liquid chromatography (ToSoHG8). Micro-albuminuria, Triglyceride (TG), Cholesterol, High-density lipoprotein (HDL), low-density lipoprotein (LDL), Creatinine and Urea levels were measured with Biosystem kits (Spain, European), using the autoanalyzer BA-400(Biosystems, European).
Ophthalmologic examination including visual acuity (by means of snellen charts), intraocular pressure (using Applanation Tonometry), fundoscopy (utilizing slit lamp and non-contact lenses) and indirect ophthalmoscopy were also completed. If required, fluorescein angiography was ordered. All the relevant examinations were completed by an ophthalmologist. Based on their optic fundi findings, they were classified into five groups: No retinopathy, Mild NPDR, Moderate NPDR, Severe NPDR, PDR.
Diabetic nephropathy was graded as:1) no microalbuminuria (albumin concentration ≤ 30 mg/L), 2) microalbuminuria (albumin concentration 30-300 mg/L and 3) macro-albuminuria (albumin concentration ≥ 300 mg/L) [17] . The nephropathy grading was done by a nephrologist.
Audiometric measure
The measurements were done by a licensed audiologist using a calibrated audiometer of American National Standard Institute (ANSI) in a sound-treated booth that met accepted standards. Also an Otolaryngologist examined all of patients. Air conduction pure tone hearing thresholds were obtained for each ear at frequencies of 250, 500, 1000, 2000, 4000 and 8000 Hz. Higher frequencies are perceived as higher pitches. To produce low frequency pure tone means, we averaged pure tone thresholds measured at 500, 1000, and 2000 Hz for each ear. To produce high-frequency pure tone means, we averaged pure tone thresholds measured at 4000 and 8000 Hz for each ear.
Participants were classified as having impairment if the average of the pure-tone thresholds (PTA) measured at 500, 1000, 2000, 4000 and 8000 Hz in either ear ≥25 dB hearing level [18] . Hearing loss evaluation described as follows: normal (≤ 25 dB), mild (26-40 dB), moderate (41-55 dB), severe (56-70 dB), very severe (71-90 dB), profound (91-120 dB) and deaf (no hearing). [19] Statistical analyses Data were analyzed using the SPSS version 22 for windows computer software package (SPSS Inc., Chicago, IL, USA). With one proportion estimation formula, using hearing loss prevalence 19%, type one error; 0.05, type two; 20 and 10% differences the calculated sample size was 84. Frequency, percent, mean and standard deviation (SD) were used for population description.
To measure the participant characteristics association with hearing impairment the simple linear regression for continuous and logistic regression for categorical variables and post hoc analysis when necessary, which were adjusted using Schefe applications was done.
Logistic regression was used to determine the studied factors (age, sex, diabetes duration, and diabetes complications) on distribution of the dichotomous outcomes (normal, impaired hearing).
The level p < 0.05 was taken as the cutoff value for significance. All of the calculations were statistically analyzed using the Statistical Package for statistical package for the social sciences (SPSS) ver. 22.
Data availability The dataset(s) supporting the conclusions of this article is available in the [Yazd Diabetes
Research Center] repository.
Result
Among 139 patients, totally 81 were included. The mean age of participants was 56.38 ± 5.68 years (range 40-65 years), 32(39.5%) were males and 49(60.5%) were females. Demographics and clinical Characteristic of Participants with diabetes are summarized in Table 1 . Figure 1 shows the average audiogram in both ears of studied patients. Tables 2 and 3 show the classification of low and high frequency hearing impairment in both ears. In studied patients, the frequency of hearing impairment was 38 (46.9%). The mean of DM duration (±SD) was 12.48 ± 5.28 years (range 2-27 years). The results of the present study indicated that males had significantly higher prevalence of hearing loss in high frequency in right ear (p value = 0.047).
Totally, 48 patients (59.3%) suffered from complications of diabetes including: retinopathy in 38 individuals (46.9%), nephropathy in 23 patients (28.4%).
Subjects were classified by degree of diabetic retinopathy as follows: no diabetic retinopathy in 43 patients (56.6%), mild non-proliferative diabetic retinopathy in 10 patients (13.2%), moderate non-proliferative diabetic retinopathy in 13 patients (17.1%), severe non-proliferative diabetic retinopathy in 3 patients (3.9%) and proliferative diabetic retinopathy (PDR) in 7 patients (9.2%).
Level of diabetic retinopathy was significantly associated with hearing impairment in high frequency in both ears (right ear, p = 0.012 and left ears, p = 0.001). Although in low Fig. 1 The average audiogram of both ears in studied patients frequency, level of diabetic retinopathy was significantly associated with hearing impairment only in right ear (p = 0.032).
Subjects were categorized by degree of diabetic nephropathy as follows: no micro-albuminuria in 58 individuals (78.4%), micro-albuminuria in 12 patients (16.2%) and proteinuria in 4 patients (5.4%).
Level of diabetic nephropathy was significantly associated with hearing impairment in high frequency in both ears (right ear, p = 0.027 and left ears, p = 0.032). But no significant differences in diabetic nephropathy status were found by low frequency hearing impairment in both ears.
In the correlation analysis there were no significant association between BMI and means of low (p value: 0.41) and high frequency (p value: 0.51) in both ears.
Finally, for assess the relationship between hearing impairment and adjustment of confounding variables such as Age, duration of diabetes, cardiovascular factors (BMI, mean arterial pressure, fasting blood sugar, triglyceride, LDL cholesterol and HDL cholesterol), and factors associated with blood viscosity (hemoglobin) we used logistic regression analysis for right and left ears (Tables 4 and 5 ). The results showed that even after adjustment of confounding variables there were no relationship between hearing impairment and variables in both ears.
† P value was calculated by Chi 
Discussion
Most studies believe that T2DM can cause hearing impairment [8, 9] . A meta-analysis revealed that hearing loss has higher prevalence among diabetic patients compared with sex and aged-match non-diabetic patients [20, 21] . Some evidences showed that chronic hyperglycemia can cause vascular defects in stria vascularis and nerves and damage hearing ability [11, 20] . In current study, we evaluated the association of PTA variables in high and low frequency with age, weight, diabetes duration, microvascular complications and treatment modality among 81 T2DM patients. We showed that mean age of T2DM patients with high frequency hearing impairment is significantly higher than diabetic patients without hearing loss however this relationship in low frequency evaluation had not seen. Previous studies also showed contribution of aging and hearing loss in diabetic patients [8, 9] .
In our study, hearing impairment between diabetic patients was not correlated with gender (except in high frequency evaluation of left ear that correlation was poorly significant (P value = 0.047)) but sugimoto et al. [8] reported that gender was related to hearing in PTA. A meta-analysis showed that hearing impairment in diabetic patients was not influenced by gender [10] .
Our findings showed that patients with high-frequency hearing impairments had higher levels of FPG in comparison with patients without hearing damage but HbA1C levels had not any significant difference between two groups. This is in line with findings of Kakarlapudi et al. that during a database review of medical records of 53,461 non-diabetic agematched patients with 12,575 diabetic patients, reported worsening of hearing loss among diabetic patients had not apparent correlation with HbA1C [22] . Moreover, Bainbridge et al. didn't find any association between hearing impairment and HbA1C in diabetic patients [15] . However contrary to our findings, a cross-sectional study of veterans with and without T2DM showed that diabetes severity based on current A1C had significant effects on hearing thresholds at a subset of frequencies in uncontrolled group in comparison with non-diabetic group [12] . These controversial issues should be addressed in future well-designed cohort studies to explore the correlation of glycemic control and hearing impairment among T2DM patients. Some studies reported the association between HbA1C and hearing loss [23] . Based on study by Kim et el [10, 14, 24] FPG and HbA1C are independent risk factors for microvacular complications and HbA1C variations which measures disparity between HbA1C and FPG, is a good marker for predicting diabetic complications.
Our study didn't show any significant effect of lipid levels on high and low-frequency hearing impairment in T2DM patients. In this field, some other studies showed that abnormal lipid levels among T2DM patients contribute with sensory neural hearing loss [11, 12] and some of them believe that lipid levels do not affect hearing ability (13) . We found no significant differences in the proportions with or without hearing loss in both low and high-frequency thresholds by diabetes duration. It is consistent with evidences from general population [15, 16] .
In present study, we observed no significant association between low or high-frequency hearing impairment and BMI among T2DM patients. It is in agree with the results of some studies that showed inconclusive association between BMI and hearing loss [15] [16] [17] .
Diabetes treatment and its effect on hearing ability is a controversial issue. We found no significant association between modality of treatment (insulin or oral antidiabetic agents). Bainbridge [15] et al. reported that hearing loss is more common among patients with T2DM on insulin in low-frequency thresholds. Patients on insulin usually have longer-lasting diabetes in comparison with patients on oral agents.
We showed in this study that hearing loss in highfrequency thresholds is significantly associated with the severity of retinopathy however we observed no difference in proportions with nephropathy levels. Some studies showed the association of diabetic retinopathy and hearing loss [18, 19] . Our findings corroborate other evidence about nephropathy [15] . Some studies reported that hearing loss is associated with creatinine levels in T2DM patients [13, 17] .
The exact mechanism of hearing damage in diabetic patients is not clearly explained, yet. Some believes that it is a neuropathic process and others think that it is an ischemic phenomenon. Our findings that showed the associations of hearing loss with diabetic microvascular complications instead of macro vascular risk factors such as high cholesterol and low HDL levels, support the hypothesis that diabetes induced hearing loss is predominantly a neuropathic process. Findings of study that performed by Vaughan et al. is in agree with this report [20] .
We should consider to limitations of this study. The most important one was the limited number of subjects that leads to low power of study in some variables. Socioeconomic factors had undeniable influences on occurrence of T2DM complications that had not evaluated in present study. Also, smoking history should be considered in further studies.
Conclusion
The hearing impairment was associated with diabetes complications as retinopathy and nephropathy. The association was significant in high frequency.
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